the most common operation for adult and adolescent obesity in the United States. In adults, weight loss outcomes following RYGBP are impressive (12, 13) , with an associated improvement and/or resolution of medical and psychological comorbidities, including improved mood (14) and generic (15) and weightrelated (16) HRQOL. Recent reports from the Swedish Obese Subjects study (17) demonstrated that the pattern of change in HRQOL across 10 years following RYGBP mirrors patterns of weight loss, weight regain, and weight stability.
Comprehensive studies of adolescent bariatric surgery outcomes are in their infancy and are critically needed. Six published studies to date have reported on the psychosocial outcomes of adolescent bariatric surgery, including impressive weight outcomes of RYGBP (18, 19) and laparoscopicadjustable gastric banding (20) in the United States as well as positive outcomes of laparoscopic-adjustable gastric banding in Austria (21) and Israel (22) . However, many of these studies were based on retrospective chart reviews and were limited by small sample sizes or nonsystematic and/or significant loss to follow-up. The aims of the present study were to examine changes in health-related quality of life (HRQOL) and depressive symptoms in adolescents with extreme obesity undergoing Roux-en-Y gastric bypass (RYGBP) across the first postoperative year. A prospective longitudinal observational study of 31 adolescent patients undergoing RYGBP at a pediatric medical center (mean = 16.4 years; 64.5% females, mean BMI 63.5; 97% of study eligible and consecutive patients) was conducted. Participants completed two adolescent HRQOL measures, the PedsQL (generic) and the IWQOL-Kids (weight-related), the Beck Depression Inventory (BDI), and height and weight were measured at three time points: baseline, and 6 and 12 months following RYGBP. Prior to RYGBP, significant impairments in HRQOL were documented and 38.7% reported depressive symptomatology in the clinical range. As expected, BMI and depressive symptoms decreased and HRQOL improved from baseline to 12 months post-RYGBP. Linear mixed modeling analyses detected several nonlinear slopes in BMI, depressive symptoms, and the majority of HRQOL domains over time with deceleration in these postoperative changes beginning at the 6th month time point. In contrast, the rate of change in weight-related social relations was linear (e.g., no deceleration), indicating continued improvement across the first postoperative year. Adolescent RYGBP results in significant improvement in HRQOL and depressive symptomatology over the first postoperative year. Longer-term follow-up will be critical to determine adolescent weight and psychosocial trajectories, their interrelations, and what role psychosocial status plays in continued weight loss, maintenance, and regain.
articles Behavior and Psychology status were either not utilized (22) or included measures lacked psychometric validation with adolescent age-groups (18, 19) . The present study is the first to prospectively and systematically examine the psychosocial outcomes of adolescent RYGBP and the rate of change in these outcomes. Based on the adult literature, we hypothesized that following RYGBP, adolescents would experience significant improvements in psychosocial status, including improved generic and weight-related HRQOL and a reduction in depressive symptoms, with some deceleration in these improvements by the end of the first postoperative year.
Methods And Procedures Participants
A total of 31 adolescent patients were enrolled prospectively into a longitudinal study documenting the psychosocial outcomes of adolescent RYGBP. Adolescents underwent RYGBP between May 2004 and January 2007. RYGBP candidacy was based on adolescent patient selection guidelines as previously described (10) . Study inclusion criteria required participants to be 13-17 years of age and have no physical impairments unrelated to obesity (e.g., spinal anomaly), or developmental disability. Potential participants and their caregiver(s) were approached for participation after approval for RYGBP. Of the 32 consecutive patients meeting inclusion criteria, 97% agreed to participate in the study and completed baseline measures. One patient declined due to lack of interest in participation in research. A summary of demographic characteristics of participants at baseline are presented in Table 1 .
Laparoscopic RYGBP was performed as previously described (23) . Briefly, using minimally invasive laparoscopic techniques, a small gastric pouch was created just distal to the gastroesophageal junction. Next, a Roux-en-Y reconstruction was fashioned to drain the pouch, providing a significantly restrictive and diversionary procedure for weight loss.
Procedure
All personnel were trained to screen and recruit participants, obtain informed consent/assent, and administer questionnaires to adolescents and their primary caregiver. Instructions for each measure were read aloud to each adolescent and caregiver; however, the measures were completed independently. The adolescent's current weight and height were also measured by research staff at each study time point. All baseline data were collected in a clinic room. However, to minimize patient burden and promote study retention, follow-up data were collected in locations most convenient for the family, including both hospital (80%) and home settings (20%). Participants were compensated for participating in the study. Institutional Review Board approval was obtained for this study.
outcome measures
Anthropometrics. Research assistants completing data collection were trained in methods of obtaining accurate weight and height measurements. Weight was measured (0.1 kg) on a digital Scaletronic scale (Scale Tronic, Wheaton, IL). Standing height was measured with a Holtain stadiometer (Holtain, Crymych, UK). For those participants who had data collected in a home setting at a follow-up time point (20%), weight was measured on a portable SECA digital scale (SECA, Hamburg, Germany) with standing height measured with a calibrated custom portable stadiometer (Creative Health Products, Plymouth, MI). Weight and height measurements were taken in triplicate and the mean was used in analyses. Participants were weighed and measured in street clothing without shoes. These data were used to calculate BMI and data were expressed in kg/m 2 .
PedsQL. The PedsQL (24) is a widely used and psychometrically sound 23-item generic pediatric HRQOL measure that includes an adolescent self-report version for youth aged 13-18. The measure includes four subscales, including Physical, Emotional, Social, and School functioning, as well as a Psychosocial Health summary score (mean score of Emotional, Social, and School subscales) and a Total score. Scores are standardized and range from 0 to 100, with higher scores representing better quality of life. Minimal clinically important difference (MCID) scores, defined as the smallest change in score that patients perceive to be beneficial, have also been identified for the PedsQL. For the Physical and Psychosocial Health summary scales, the MCIDs are 6.66 and 5.30, respectively (25) .
IWQOL-Kids.
This 27-item instrument (26) was designed to assess aspects of weight-related quality of life in adolescents, aged 11-19 years. Factor analyses identified four factors, including Physical Comfort, Body Esteem, Social Life, and Family Relations, as well as a Total score. This measure has strong psychometric properties, discriminates among weight status groups, and is responsive to weight change. Scaled scores are standardized and range from 0 to 100, with higher scores representing better weight-related quality of life. No MCIDs have been established for this measure to date. (27) is a 21-item questionnaire that measures specific symptoms of depression for individuals ≥14 years. The BDI has wellestablished psychometric properties and is a reliable and valid screening tool for depressive symptoms in adolescents. The total raw score was utilized, with higher scores reflecting more depressive symptoms. Total Raw scores also correspond to ranges of symptom severity (0-13: "minimal" symptoms; 14-19: "mild" symptoms; 20-28: "moderate" symptoms; ≥29: "severe" symptoms). A total raw score of ≥17 is a conservative marker for depressive symptoms and represents a clinically elevated range recommended in clinical settings.
Beck Depression Inventory-II. The Beck Depression Inventory-II (BDI-II)
Demographic Background Questionnaire. Mothers completed a background questionnaire documenting family characteristics including parent marital status, level of education, and family income and size. Sufficient data were available to determine family socioeconomic status (SES) using the Revised Duncan (TSE12 (28, 29) ), with higher scores representing greater occupational attainment. For two-caregiver households, the higher TSEI2 was reported. As discussed above, a nonlinear trajectory was hypothesized for response variables. However, there were only three time points, and a traditional quadratic polynomial analysis with predictors, month and month 2 , would produce a saturated model that would perfectly fit the observed means. To avoid the saturated model, we used a transformation of time, log e (month), as a single nonlinear trajectory term. The log transformation is a member of the family of transformations known as fractional polynomials (31) and it produces a curve shape similar to the quadratic polynomial for monotonic curves (i.e., nonlinear but continually increasing or decreasing). For each response variable, we estimated a linear model (with intercept and a linear slope term) and a nonlinear log model (with intercept and a nonlinear slope term). The decision to use the linear or nonlinear term was determined by which produced the smallest value of the Akaike's Information Criterion (32) . Having selected a slope term, its associated parameter estimate was tested for statistical significance (i.e., tested against an intercept-only model). These tests were based on t-statistics with estimated degrees of freedom appropriate for small-sample inference (33) . To account for individual variation and dependency due to repeated measures, each model had random effects for the intercept and slope (whether linear or nonlinear) indexing individual deviations from the mean parameters.
All models were estimated with the mixed procedure of SAS version 9.1 (SAS Institute, Cary, NC) using full maximum likelihood estimation for the model selection based on the Akaike's Information Criterion, and restricted maximum likelihood estimation for the final model. Some variables had a small amount of missing data at various time points (maximum 8%) that was treated as ignorable in the maximum likelihood estimation, so participants with data for at least one time point were included in the analysis.
results
Descriptive data, including the observed means for all response variables at each time point, are presented in Table 2 . The results of LMM analyses are presented in Table 3 . Figure 1 demonstrates the predicted means for the response variables over time. As shown in Table 3 and illustrated in Figure 1 , the nonlinear slope estimates of BMI and depressive symptoms (BDI) were negative indicating these response variables had a mean monotonic decrease over time. In contrast, the slope estimates of the HRQOL measures were positive indicating these response variables had a mean monotonic increase over time.
Preliminary results not presented indicated that the Akaike's Information Criterion value for the log transformation of month was lower than for the untransformed time metric for all variables except Social Life. Thus, month was the predictor for social life and log e (month) was the predictor for the remaining variables. All parameters estimates were significant at the α = 0.001 level.
BMI
The observed mean change in BMI from baseline to 12 months was −24.1 kg/m 2 (n = 28). This represents a mean BMI loss of 38%. At 12 months post-RYGBP, 96.4% (n = 27) of adolescents remained obese (BMI ≥95th percentile for age and gender (34)), and 46.4% (n = 13) had BMIs which remained in the extreme . LMM analyses revealed a significant negative nonlinear slope indicating a significant monotonic decrease (or consistent downward trend) over time with deceleration in BMI change beginning at the 6th month time point (Table 3, Figure 1 ).
depressive symptoms
At baseline, the mean total raw score of depressive symptoms on the BDI (Table 2) was in the "mild" range based on instrument normative guidelines. Twelve adolescents (38.7%) exhibited depressive symptoms within a clinical range (raw scores ≥17), which included 45% (n = 9) of females and 27.3% (n = 3) of male participants. At 6 months post-RYGBP, no males and three females (10.3%) reported clinical range symptoms. At 12 months post-RYGBP, only two females (6.9%) remained with symptoms in the clinical range. LMM analyses (Table 3, Figure 1 ) revealed a significant negative nonlinear slope indicating a monotonic decrease over time. This result was highly similar to the BMI result-adolescents experience substantial symptom reduction across the first postoperative 6 months with substantial deceleration by 12 months.
hrQol
Prior to RYGBP, adolescent generic PedsQL and weight-related IWQOL-Kids scores were markedly impaired, with the exception of the weight-related Family Relations scale ( Table 2) . By 12 months post-RYGBP, generic-and weight-related HRQOL improved substantially. LMM analyses (Table 3, Figure 1 ) showed a significant positive nonlinear slope for weightrelated physical comfort and generic physical health indicating a significant monotonic increase (or consistent upward trend) over time with a deceleration in these improvements beginning at the 6th month time point. Similar nonlinear increases were seen on the generic psychosocial health and the weightrelated Body Esteem scales. However, change in social life was consistently linear and showed no significant deceleration over the 12 months. It is important to note that clinically meaningful improvements (e.g., MCID scores) were found for the PedsQL Physical Health and Psychosocial scales from baseline to 6 months post-RYGBP; however, the improvement from 6 to 12 months post-RYGBP was not perceived to be clinically meaningful by patients.
dIscussIon
The present data are from the first prospective longitudinal study to document psychosocial outcomes of RYGBP surgery in adolescents with extreme levels of obesity. Our data demonstrate that RYGBP is an effective weight loss intervention for adolescents, which also results in significant improvement in overall and weight-related HRQOL, and depressive symptomatology across the first postoperative year. Prior to RYGBP, adolescents with extreme obesity present with the most significant and global impairments in HRQOL relative to other pediatric chronic illness populations (35) . Similarly, the number of adolescents presenting for RYGBP with depressive symptoms in the clinical range is at a rate 3-4 times higher than national base rates for adolescent males (7.4%) and females (13.9%) (36) .
At 1 year post-RYGBP, teens reported generic HRQOL within 1 s.d. of healthy adolescent normative comparisons (24) . These findings of more normative adolescent psychosocial status at 1 year post-RYGBP are similar to those reported by Dymek and colleagues (16) in their cross-sectional study comparing adults pre-/postbariatric surgery. These marked psychosocial improvements for adolescents following RYGBP are quite notable given that the vast majority of adolescents remain obese or even extremely obese at 1 year following their procedure. These data suggest that from the psychosocial standpoint, the change in weight may be more important than the final BMI achieved following surgery.
At 6 and 12 months after RYGBP, adolescents reported a significant improvement in their day-to-day weight-related physical comfort (e.g., "Because of my weight it is hard to… bend over", "move around", "fit in public seats"), their general physical capabilities (e.g., "It is hard for me to…walk more than a block", "run"), and their weight-related body esteem (e.g., "Because of my weight I am…ashamed of my body"). Furthermore, teens reported significant improvements in their overall psychosocial health and weight-related social relations Our statistical approach (LMM analyses) allowed for examination of the rate of change over time in BMI and psychosocial status from baseline through the first postoperative year. Consistent with reports on adult RYGBP outcomes in Sweden (37), our analyses detected a deceleration of BMI change from 6 to 12 months postoperatively. As hypothesized and in parallel with initial weight loss phases, the rates of improvement in the majority of psychosocial domains substantially slowed down beginning at 6 months postoperatively. Furthermore, for scales in which established MCID scores exist (e.g., general physical capabilities and general psychosocial health), the statistical findings and clinically meaningful improvements mirrored each other. In other words, as the rate of improvement in PedsQL scores began to decelerate during the 6-to 12-month postoperative period, patients also did not perceive meaningful improvements during this time. Interestingly, adolescents' social relations with peers in the context of their weight (e.g., stigmatization, friendships) demonstrated no slowing in the rate of improvement across the first postoperative year.
Although these initial findings of marked improvements in psychosocial functioning for adolescents who have undergone RYGBP are quite promising, the adult literature would suggest caution. Longitudinal trends for adults suggests HRQOL changes parallel patterns of weight loss, weight regain, and weight stability (17) . Furthermore, initial improvements in depressive symptoms may dissipate for some individuals 18-24 months after bariatric surgery (17, 38) and new onset of depressive symptoms may occur despite good weight loss outcome (39) . Weight regain trends after adolescent gastric bypass are not yet adequately characterized, although may be as high as 10-20% (40, 41) . If longer-term adolescent bariatric outcomes are found to be similar to those described in adults, it is crucial to identify and provide intervention to adolescents who may experience weight regain after undergoing RYGBP to prevent relapse in behavioral and psychosocial functioning.
Finally, what role medical comorbidities and their resolution play in an adolescent's psychosocial improvements following RYGBP remains an important area of future research. For example, there is sound evidence that adolescent RYGBP leads to resolution of medical comorbidities (40) (41) (42) (43) . Given the developing pediatric literature which has suggested obese youth with medical comorbidities may experience poorer HRQOL relative to those whose health status is less impaired (44) , future work with larger samples should explore whether changes in comorbid conditions might be mediating the changes in HRQOL.
Longer-term adolescent studies are critically needed to document adolescent RYGBP weight, health, and psychosocial trajectories, and their interrelations. Furthermore, clinical practice and postoperative adolescent treatment models will benefit from understanding which, if any, psychosocial components drive BMI change dynamically. Specifically, are there psychosocial factors which, if monitored and addressed, would improve (or help sustain) adolescent postoperative weight loss outcomes. Unfortunately, this type of dynamic modeling (i.e., multilevel mixed longitudinal modeling with dynamic or time-varying predictors (30)) was not possible in the present study given there were only three time points. These types of questions will be addressed through our adolescent bariatric research consortium (Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS)) (45) with a considerably larger multi-site sample. Designed as a prospective, longitudinal cohort observational study, the main objectives of Teen-LABS are to document the safety of bariatric surgery in adolescence and postoperative health and psychosocial outcomes at 6-, 12-and annually in comparison to adult outcomes (46) .
Finally, it is noteworthy that adolescent bariatric surgery occurs at an important time in psychosocial development-a period of rapid change in emotional, interpersonal, social, and career/vocational domains in which good adaptation bodes well for continued positive adaptation in the transition to emerging adulthood (aged 18-20) (47, 48) . We argue that bariatric surgery has the potential to positively alter the psychosocial and resultant developmental trajectory of this unique adolescent subpopulation. To fully understand the impact of adolescent bariatric surgery on psychosocial and developmental outcomes, we must examine their interactions within these age-salient contexts (e.g., peers, family, romantic relationships, co-workers, school, work). Thus, a more comprehensive assessment of psychosocial factors, contexts, and outcomes particularly salient to youth as they transition from adolescence to young adulthood is needed. Only long-term, prospective and controlled studies utilizing a nonoperative extremely obese adolescent comparison group will provide such evidence.
